Effect of Bacillus subtilis and Bacillus licheniformis inclusion in turkey diets on growth performance. The aim of this study was to evaluate the infl uence of a probiotic preparation containing spores of Bacillus subtilis and Bacillus licheniformis, added to feed, on growth performance of female turkeys reared until 84th day of age. A total of 300-day-old Hybrid Converter female turkeys were randomly assigned to 20 pens. The pens were randomly divided into two treatment groups: T1 received basal diets, and T2 received the same diets as group T1 supplemented with the probiotic (1.28·10 6 CFU/g feed). It can be concluded that the probiotic feed additive had a benefi cial infl uence on growth performance and signifi cantly increased the fi nal body weights and average daily gains of female turkeys.
INTRODUCTION
Poultry production has been growing rapidly in recent years due to the fast growth rate and short fattening period of birds. This prompted the search for new solutions in poultry nutrition, to improve productivity while maintaining the desir-able taste of meat as well as adequate standards of poultry health and welfare. Feed additives, including probiotics, are increasingly used in poultry nutrition on account of their positive effects on gut microbiota (Fallah et al. 2013 ). An improvement in the intestinal environment may contribute to increasing the efficiency of nutrient digestion and absorption (Pelicano et al. 2004) . Probiotic strains produce bacteriocins with bacteriostatic activity (Oelschlaeger 2010) . Dietary supplementation with probiotics exerts positive effects on local (GALT) and humoral immunity in poultry (Alloui et al. 2013) . Probiotic bacteria produce their own enzymes and activate the host's enzymes, thus improving the growth rate of birds and feed conversion ratio (Yirga 2015) . Bacillus subtilis and Bacillus licheniformis strains are widely used in probiotic products (Hong et al. 2005) . The aim of this study was to evaluate the influence of a probiotic preparation containing spores of B. subtilis and B. licheniformis, added to feed, on the growth performance of female turkeys reared until 84th day of age.
MATERIAL AND METHODS
The experiment was conducted at the experimental poultry farm of the Department of Poultry Science, University of Warmia and Mazury in Olsztyn (Poland). There were two dietary treatments in the experiment: T1 -control treatment without dietary supplementation, and T2 -experimental treatment with dietary supplementation with a probiotic. The test material (BioPlus 2B, Chr.Hansen A/S, Denmark) contained strains of B. subtilis and B. licheniformis at a ratio of 1 : 1 (1.6·10 9 B. subtilis spores and 1.6·10 9 B. licheniformis spores per 1 g of the preparation). Bacillus subtilis and B. licheniformis were added to T2 diets at 1.28·10 6 CFU/g feed (400 g/t feed). A total of 300-day-old healthy female turkey poults (Hybrid Converter) were obtained from a commercial hatchery. The turkeys were allocated at random to 20 floor pens. Each treatment comprised 10 pens (replicates) of 15 birds each. Pen surface area was 4 m 2 (stocking density of 3.75 birds per 1 m 2 ). Wood shavings were used as bedding material, and the litter was replenished as necessary. The house was provided with artificial programmable lights and climate, heating by gas heating system, and forced ventilation. The environmental conditions were consistent with the Hybrid recommendations. The trial was conducted for 84 days, and involved three feeding phases. The diets were formulated and the calculations were performed based on the dietary recommendations for female turkeys proposed by Smulikowska and Rutkowski (2005) . Each pen was equipped with a feeder, and feed was offered ad libitum. Feeders were re-filled with pre-weight feed amounts when required. All diets were offered in crumbled/pelleted form. Drinking water was supplied ad libitum by bell-type drinkers. All experimental procedures involving animals were approved by the local Animal Experimentation Ethics Committee at the University of Warmia and Mazury in Olsztyn.
The birds were weighed on the day of arrival, and then the body weight (BW) of birds in each pen was recorded on a pen basis at 28th, 56th and 84th day of age. Feed intake was calculated as the difference between the offered feed and refusals. The results were used to determine feed conversion ration (FCR) for all experimental periods, and the European productivity index -EPI [(livability × × final BW × 100)/(duration of the study × × FCR)] for the entire experiment. All diets were analyzed for the content of crude nutrients by the VDLUFA method (Naumann and Bassler 1993), and for the content of Bacillus spores.
The results were analyzed by a one--way analysis of variance (ANOVA), and significant differences between treatments were determined by Duncan's multiple range test. The Statistica software package ver. 10.0 was used for statistical calculations. The data in tables are given as means and standard deviations. Treatment differences were considered significant at P ≤ 0.05. Replicate-pen was the experimental unit for all variables measured.
RESULTS AND DISCUSSION
A proximate feed analysis showed that the actual nutrient concentrations were consistent with the calculated values (Table 1 ). The mean concentrations of B. subtilis and B. licheniformis in turkey diets were 9.35·10 5 , 9.23·10 5 and 1.26·10 6 viable cells per 1 g of feed in the starter, grower and finisher phases, respectively. The probiotic strains were not detectable in control diets (< 1.0·10 4 CFU/g feed). The results were satisfactory and corresponded to the target values, 0 and 1.28·10 6 CFU/kg feed in groups T1 and T2, respectively. The livability was very good in both treatments -100%. During the experiment, 22 birds (6.67 and 8% in T1 and T2, respectively) were culled. The main reason for culling was enlarged crop (20 birds), and it was no relationship between the reason of culling and the use of the probiotic preparation.
During the first feeding phase, the tested probiotic had no significant effect of feed intake in female turkeys fed crumbled/pelleted diets (Table 2) . Differences in feed intake were noted in the period of 1-56 days when birds fed probiotic--supplemented diets consumed more feed than control group birds (P = 0.048). Over the entire experimental period of 84 days the female turkeys from the probiotic group (T2) consumed 2.7% more feed than the control group (T1) birds. The difference in feed intake (1-84 days) was not significant (P = 0.230), but it could suggest that probiotic bacteria (B. subtilis and B. licheniformis) exerted a stimulatory effect. An increase in feed intake due to dietary probiotic supplementation has been found to improve the growth performance of birds. However, in the study of Midilli et al. (2008) , where the BioPlus 2B feed additive was used, no differences were observed in feed intake and consequently in the body weights or average daily gains of broiler chickens between treatments. Similar results (an improvement of growth performance) were reported by Gohain and Sapcota (1998). In contrast, Safalaoh (2006) reported improved body weight gain (BWG) and FCR in broilers supplemented with a microbial preparation (Effective Micro-organisms -EM), despite a decrease in feed intake in the experimental group.
The average body weights and weight gains of turkeys are presented in Tables 3  and 4 . No significant differences in body weight gains were found between treatments in the first stage of the study (days 1-28). During the second experimental period (days 29-56), turkeys fed the BioPlus 2B diet (T2) were significantly heavier and gained significantly more than birds fed the control diet (+4.9%, 104.5 vs. 99.6 g, P = 0.003). From 56th day of the trial, turkeys fed the probiotic diet (T2) were characterized by significantly higher average body weight (+3.5%, 3.831 vs. 3.970 g, P = 0.012) and gained significantly more in comparison with birds fed control diet (+3.7%, 69.9 vs. 67.4 g, P = 0.012). During the third feeding phase (days 57-84), a numerical improvement in body weight gains was noted in turkeys fed the BioPlus 2B diet (T2) relative to birds fed control diet. At 84th day, birds fed the T2 BioPlus 2B diet were heavier than birds fed the control diet (+4.02%, 7.659 vs. 7.363 kg), and the observed difference was statistically significant (P = 0.019). Over the entire experimental period (days 1-84), turkeys fed the BioPlus 2B diet (T2) were characterized by significantly higher body weight gains in comparison with birds fed the control diet (+4.02%). Previous studies have showed the efficacy of B. licheniformis and B. subtilis in turkey production. Fallah et al. (2013) In the present study, dietary probiotic supplementation had no impact on FCR in any of the feeding phases and throughout the experiment (Table 5 ). Midilli et al. Female turkeys from group T2, fed probiotic-supplemented diets, achieved higher productive performance throughout the experiment, and were characterized by a significantly higher EPI (+6.1%, 481 vs. 453, P = 0.028). Loeffler (2014) pointed out that there is evidence to support that multi-species probiotic supplementation is more efficient than single strain probiotics in turkey nutrition. In this sense, Blanch and Rouault (2016) recently concluded that the high efficiency of BioPlus 2B diet could be elucidated by the complementarity between the different modes of action of the two strains enclosed in the product, being B. licheniformis extremely efficient in pathogen growth inhibition and B. subtilis in digestive enzyme activation.
CONCLUSIONS
The results of this study indicate that a probiotic preparation containing B. subtilis and B. licheniformis positively affected the growth performance of female turkeys. Birds fed probiotic--supplemented diets were characterized by significantly higher final body weight and body weight gain, and significantly higher values of the EPI.
